Frequent and inappropriate use of all classes of antiparasitic drugs in small ruminants has led to failures in their effectiveness, culminating in a global problem of anthelmintic resistance. Brazil stands out as one of the world's leaders in publications about anthelmintic resistance, and for having the most numerous reports of this resistance in small ruminants in the Americas. These studies have involved mainly the fecal egg count reduction test (FECRT) and its correlation with field management practices. In vivo effectiveness testing is conducted in areas where livestock is of greater economic significance, e.g., in the South (sheep) and Northeast (goats), or is important for research and economic centers, such as the Southeast (sheep). The most widely studied species is sheep, for which the widest range of drugs is also evaluated. Despite significant advances achieved in molecular research, laboratory analyses should include knowledge about the reality in the field so that they can become feasible for the producer. Moreover, molecular studies can be underpinned by the analysis of field studies, such as the maintenance of antiparasitic effectiveness over time and the mechanisms involved in this process.
Introduction
The worldwide production of small ruminants is strongly impacted by gastrointestinal parasites that cause high mortality rates (HOSTE & TORRES-ACOSTA, 2011; STEAR et al., 2011; KNOX et al., 2012; FALZON et al., 2014) , as well as losses resulting from subclinical infections that are reflected in low productivity (CHARLIER et al., 2014) . In tropical countries, Haemonchus contortus is the most prevalent nematode in herds, causing severe losses due to the high pathogenic pressure it exerts through hematophagy (KASSAI, 1999) . Other parasites also contribute to losses through diarrhea, spoliation of intestinal mucosa and anemia, mainly because of mixed infections, which cause a variety of clinical signs and low productivity . In Brazil, the productive potential for ruminants that are suitable for animal husbandry is hampered by endoparasitic infections. In the cattle sector, where the country is a world leader in commercial herds, annual losses caused by gastrointestinal parasites are estimated to reach up to $ 7.11 billion (GRISI et al., 2014) . Sheep and goats, for which there is a developing production chain in the country, are even more susceptible, and their high mortality rate is a significant deterrent to agribusiness.
Over the years, parasitic diseases in livestock have been controlled based on the use of broad-spectrum and widely accessible antiparasitics. The main classes of anthelmintics available in recent years are: benzimidazoles, imidazothiazoles, macrocyclic lactones, salicylanilides and nitrophenols (COLES et al., 2006) . According to Molento (2009) , the use of antiparasitic drugs in farm animals over the years offers benefits; however, the continuous and inappropriate use of these drugs has resulted in the loss of effectiveness of many active ingredients. Macrocyclic lactones were launched on the market in the 1980s (CHABALA et al., 1980) , but just a few years later, there were reports of the loss their efficiency in Brazil (ECHEVARRIA & TRINDADE, 1989) . Recently, two new classes of anthelmintics were launched, an amino-acetonitrile derivative, monepantel (KAMINSKY et al., 2008) , and derquantel, which was marketed in association with abamectin (LITTLE et al., 2010) . However, there have been reports of resistance to monepantel (SCOTT et al., 2013; MEDEROS et al., 2014a ; VAN DEN BROM et al., 2015) and to derquantel (KAMINSKY et al., 2011) , indicating the high vulnerability of these drugs. Additional to the loss of effectiveness there are the effects of toxic residues on nontarget organisms in the environment (LUMARET et al., 2012) and of residues in meat (COOPER et al., 2011) , milk and other animal products associated to anthelmintics (IMPERIALE et al., 2004; ANASTASIO et al., 2005; WHELAN et al., 2010) .
According to the guidelines of the World Association for the Advancement of Veterinary Parasitology-WAAVP, occurs anthelmintic resistance (AHR) when the effectiveness of a drug against the target parasite load is lower than 95% (COLES et al., , 2006 . AHR occurs when there is high incidence of individuals in a parasite population that are able to tolerate doses of a presumably lethal compound, and this characteristic is hereditary (PRICHARD et al., 1980) . This decrease in susceptibility is caused by an increase in the genetic selection frequency, which results from repeated use of an anthelmintic (FLEMING et al., 2006) . The greater the selective pressure of the drug, the greater the process of selection by resistant organisms. According to Blouin et al. (1995) , gastrointestinal nematodes of small ruminants have genetic traits that promote the rapid development of AHR, such as rapid rates of selection and of gene flow and a high level of genetic diversity. As a result, these parasites have the genetic potential to quickly respond to the effect of anthelmintics and the means to ensure the dissemination of their resistant genes (FLEMING et al., 2006) .
Increased AHR in herds has led to the need to identify management practices that can reduce the impact of the problem (FALZON et al., 2014) , which requires a prior diagnosis of the situation. AHR in small ruminants has been reported in various regions of world: Argentina (EDDI et al., 1996) ; Uruguai (NARI et al., 1996; BONINO & MEDEROS, 2003) , Paraguai (MACIEL et al., 1996) ; South Africa ( VAN WYK et al., 1997) ; Mexico (TORRES-ACOSTA et al., 2003) ; Australia (SUTER et al., 2004; PLAYFORD et al., 2014) (ZANZANI et al., 2014); Ireland (KEANE et al., 2014) ; France, Greece and Italy (GEURDEN et al., 2014) . The countries with the largest number of cross-sectional studies over time are New Zealand, the United Kingdom and Brazil (FALZON et al., 2014) . Torres-Acosta et al. (2012) also highlight Brazil as the country with the largest number of publications in the area that offer up-to-date reports about the situation of AHR in the Americas. Thus, the purpose of this review is to provide an overview of the reports of AHR in small ruminants in Brazil, discussing the history and forms of diagnosis employed; and to analyze the distribution of surveys by region, as well as the evolution of the use, effectiveness and maintenance of these drugs over the years.
History of AHR in Small Ruminants in Brazil and Around the World
The world's first report of AHR involved the drug phenothiazine in sheep in the U.S. (LELAND et al., 1957) . Among the classes of anthelmintics currently in use, benzimidazoles were the first drugs to lose their effectiveness in nematodes of small ruminants, and AHR in sheep to thiabendazole was first reported by Drudge et al. (1964) . Soon thereafter, in Brazil, Santos & Gonçalves (1967) reported the first case of anthelmintic resistance in sheep to thiabendazole in the state of Rio Grande do Sul. In goats, first reported resistance to benzimidazole in the world occurred in the 1980s (LUTU, 1984; KETTLE et al., 1983; McKENNA, 1984) . In Brazil, based on the necropsy of goats treated with albendazole, parbendazole and levamisole, Charles et al. (1989) reported resistance to all these active ingredients, and questioned whether the dosage was correct for the species. In the same year, Vieira et al. (1989) detected resistance to several classes of benzimidazole in goats in the state of Ceará.
The nematode strains resistant to benzimidazole were highly susceptible to imidazothiazoles, but in Australia, Le Jambre et al. (1976) reported the potential resistance of nematode strains selected in vitro to these drugs, and their report was soon followed by other reports about resistance around the world, including field strains (KELLY & HALL, 1979) . In Brazil, a previous report by Santiago et al. (1977) identified a strain of Trichostrongylus colubriformis resistant to levamisole. Later, Green et al. (1981) published the first report of multiple resistance, including to benzimidazoles and imidazothiazoles, caused by the high selection pressure resulting from frequent treatments of sheep flocks in Queensland, Australia. In Brazil, articles about goats in the state of Pernambuco (CHARLES et al., 1989) and about sheep in the state of São Paulo (AMARANTE et al., 1992) reported resistance to levamisole as multiple with the other formulations of benzimidazoles.
With the advent of AHR to the two main classes of anthelmintics in the animal market, the emergence of a new class offered new prospects for Brazilian livestock. In the 1980s, macrocyclic lactones with endectocide activity were launched on the French market (CHABALA et al., 1980) , and were soon thereafter launched in Brazil in various formulations and concentrations. The first report of loss of ivermectin effectiveness in sheep was published in South Africa (CARMICHAEL et al., 1987) , and was soon followed by reports in Brazil (ECHEVARRIA & TRINDADE, 1989) . In Brazil, the first report of ivermectin resistance in goats dates from the 1990s in the state of Rio Grande do Sul (MATTOS et al., 1997 cited by MATTOS et al., 2004 . Melo et al. (2003) also reported resistance to ivermectin in sheep and goats in the state of Ceará, and this report was followed by others throughout the country.
Over time and with the use of new drugs, there have been numerous reports of multiple resistance worldwide, especially in countries with a tradition of breeding small ruminants. In Brazil, in addition to the aforementioned classes of drugs, Thomaz-Soccol et al. (1996) reported multiple resistances in sheep in the state of Paraná to the drugs closantel and disophenol, which are still considered specific and effective in the treatment of H. contortus. Also in the state of Paraná, Cunha et al. (1998) found resistance to moxidectin, a milbemectin of the class of macrocyclic lactones, which was effective against ivermectin resistant strains (CRAIG et al., 1992) . Subsequent reports of multiple resistance to the macrocyclic lactones ivermectin and moxidectin (CONDER et al., 1993; SHOOP et al., 1993) raised the possibility of cross-resistance between them (MOLENTO et al., 1999) . In addition to other drugs, Cezar et al. 2010 and Cruz et al. 2010 reported resistance to nitroxynil, a narrow spectrum anthelmintic that had until then been effective against Haemonchus spp.
In the absence of the release of new drugs, and given the increasing status of AHR in small ruminants, combinations of drugs with different mechanisms of action began to be used in an effort to delay the development of resistance (SMITH, 1990; COLES & ROUSH, 1992) . However, it was found that these combinations could fail, particularly when there was already resistance to one or more drugs, although the use of combinations was found to be valid when inserted in integrated programs of drug resistance management and underpinned by parasitological examinations (LEATHWICK & BESIER, 2014) . In Brazil, resistance to various combinations of antiparasitics were reported in sheep in the state of Paraná by Thomaz-Soccol et al. (1996) and ThomazSoccol et al. (2004) , in Rio Grande do Sul by Echevarria et al. (1996) and Cezar et al. (2010) , and in Mato Grosso do Sul by Sczesny-Moraes et al. (2010) (see Table 1 ).
Recently, two new classes of anthelmintics were launched, a derivative of aminoacetonitrile with broad-spectrum activity, monepantel, Zolvix® (KAMINSKY et al., 2008) and derquantel (Startect®), a medium-spectrum semisynthetic spiroindolone, which was marketed in association with abamectin (LITTLE et al., 2010 (LITTLE et al., , 2011 . Sager et al. (2012) found 100% and 95% effectiveness, respectively, for these two products against Haemonchus contortus strains resistant to other drugs. Bustamante et al. (2009) found that monepantel was 100% effective in sheep in Brazil, Argentina and Uruguay. However, resistance to monepantel (SCOTT et al., 2013; MEDEROS et al., 2014a ; VAN DEN BROM et al., 2015) and to derquantel (KAMINSKY et al., 2011) has been reported around the world, demonstrating the high vulnerability of these drugs. It is likely that reports of resistance to these anthelmintics will soon be published in Brazil. Therefore, the consensus of the scientific community is that, in view of the high vulnerability of the effectiveness of anthelmintics, allopathic treatment should not be the only form of antiparasitic treatment, and that the focus should be on correlating animal handling, nutrition and alternative forms of parasite control.
Diagnostic Methods Employed in Brazil to Detect AHR in Small Ruminants
The growing concern about AHR has led to the need for adequate and standardized methods for its detection . It is important to obtain an accurate and early diagnosis of resistance to assist in parasite control, so as to preserve the useful life of anthelmintics and limit the development of parasitic resistance (TAYLOR et al., 2002; DEMELER et al., 2010) . According to Coles et al. (2006) , if there is a consensus about delaying the onset of AHR, tests are needed that are able to detect the status of the problem on farms, so that anthelmintic management actions can be planned. Over the years, the WAAVP has discussed methods for the evaluation of AHR in ruminants and other animals, which often involve in vivo, in vitro, and more recently, molecular methodologies (POWERS et al., 1982; WOOD et al., 1995; COLES et al., 2006) .
In Brazil, a concern about standardizing tests has been demonstrated through the promotion of courses and technical manuals for the diagnosis of AHR in ruminants. The Brazilian Agricultural Research Corporation -EMBRAPA-Sudeste has offered courses on "In vitro methodologies for the evaluation of substances with antiparasitic potential on gastrointestinal nematodes of ruminants" given by professionals from around the country. EMBRAPA published a document entitled "Determination of Anthelmintic Effectiveness in Sheep Flocks: Methodology for Specimen Collection and Information on Animal Health Management" (NICIURA et al., 2009 ). In addition, it also launched the "Practical Manual: Diagnostic methodologies of resistance and detection of active substances in ruminant parasites" . The document covers in vivo testing and field sampling of material, including questionnaires for producers, while the manual emphasizes in vitro and molecular laboratory The new molecular biology tools, which are highly accurate, can be used for the diagnosis of susceptible and resistant parasites . Molecular tests based on the analysis of polymorphisms in the target gene associated with resistance, using PCR, are highly sensitive (SILVESTRE & HUMBERT, 2000) , do not require fecal cultures, and can supplement traditional diagnostic methods (NUNES et al., 2013) . However, due to the extremely polygenic nature of populations, researchers have yet to discover the mechanism of drug resistance and pinpoint one or more candidates for specific markers (FORTES & MOLENTO, 2013) . Knowledge about the molecular mechanisms of AHR is still limited mainly to benzimidazoles (COLES et al., 2006; TAYLOR et al., 2002) , involving a mutation of tyrosine to phenylalanine in the beta-tubulin gene (SILVESTRE & HUMBERT, 2000) . This polymorphism has also more recently been associated with resistance to avermectins (MOTTIER & PRICHARD, 2008) . In Brazil, Nunes et al. (2013) evaluated goat, sheep and buffalo herds with respect to the presence of polymorphism which confers resistance to benzimidazole, and stated that molecular diagnosis is the guide of choice for anthelmintic drugs before they are used on the herd. Studies of molecular tests on AHR in Brazil have also been evaluated, involving testing of beta-tubulin mutations or genetic evaluations of nematodes, corroborating researches into AHR (SILVA et al., 2015; SANTOS et al., 2014; AMARANTE et al., 2014; BRASIL et al., 2012) .
In vitro tests, also called phenotypic tests, were developed to determine the efficacy of substances on parasites, according to the mode of action of the drug or substance, and also to identify new active ingredients . The methodologies involve the assessment of the inhibition of hatchability, motility, development and larval feeding for nematodes of cattle, sheep, goats and horses (TAYLOR et al., 2002; COLES et al., 2006; ÁLVAREZ-SÁNCHEZ et al., 2005) . In vitro evaluations are also used to confirm or collaborate with field tests (VÁDARY et al., 2007) . In Brazil, in vitro assays focus primarily on the evaluation of plants with anthelmintic potential. The search for natural substances with antiparasitic effects is justified by the widespread ineffectiveness of anthelmintic drugs in small ruminants in recent years, and numerous plants and their extracts have been tested in the country. In a review of the subject in Brazil, Nery et al. (2009) compiled in vitro data of studies on 64 plant species, 27 of which showed higher than 90% efficacy, and 15 showed more than 95% efficacy in inhibiting the development of trichostrongylids, indicating the potential for research in this area, given the country's vast array of flora.
In vivo trials assess the reduction of the parasite load in the host, by means of necropsy or by anthelmintic post-treatment parasitological examinations. The controlled reduced parasitic load test, which is performed after the autopsy of the animal, evaluates the real situation of parasite elimination in the host (WOOD et al., 1995) . However, it requires killing the animals and its cost is high, so it is not widely used (FORTES & MOLENTO, 2013) . The standard method is the fecal egg count reduction test (FECRT) and is the method most widely employed to evaluate the effectiveness of drugs in animals in the field (COLES et al., 2006; TAYLOR et al., 2002) . This method enables several drugs to be evaluated simultaneously and consists in examining groups of animals treated with anthelmintics to determine eggs per gram of feces (EPG) before and after treatment; a drug that reduces 95% of the parasite load is considered effective (COLES et al., 2006) . The FECRT can be performed by means of an overall count of strongyle eggs (Strongylida) or individual counts of parasitic genera through fecal culture (MCKENNA, 1997). Albeit very common, there are several limitations inherent to the interactions between host, parasite and the environment (LEVECKE et al., 2012) , and there are variations in the calculation formula , in the need for control groups (MCKENNA, 2013 (MCKENNA, , 2014 , and in use of arithmetic (COLES et al., , 2006 or geometric means (SMOTHERS et al., 1999; DOBSON et al., 2009) in the calculation. According to Falzon et al. (2014) , the various methods to calculate FECRT are influenced by the level of AHR and if a bias correction is used in the formula, so it is important to analyze each case. In Brazil, the FECRT is the test most widely used for the assessment of AHR in small ruminants, and is discussed in numerous publications in various regions of the country (Table 1) .
Distribution of AHR Surveys in Brazil
Surveys on anthelmintic resistance in small ruminants around the world are distributed in countries where the species are of the greatest economic importance, such as Australia, New Zealand, South Africa, Uruguay and Brazil. Even with the production chain of small ruminants under development, Brazil stands out for the number of surveys on the subject , and it is a major producer of multidisciplinary scientific material on sheep and goats (RESENDE et al., 2010) . In Brazil, surveys on anthelmintic resistance in small ruminants, evaluated by FECRT, are distributed in the regions that have the largest sheep and goat flocks, i.e., the South and Northeast, or where there are large economic centers of activity, as in the case of the Southeast region (Figure 1) . The next sections describe the surveys that have been conducted in these areas, and the papers published in the country, which are listed in Table 1 .
Northeast region
The production systems in the Northeast are characterized by family subsistence farming, and include the production of meat and milk, mostly for national school lunch programs and to combat child malnutrition among the poor (CARDOSO et al., 2010) . Despite the semi-arid climate of the region, the brief rainy season is characterized by parasitic infections due to extensive systems and precarious sanitary management (PINHEIRO et al., 2000) . In this region, due to the size of the herds, there are important research centers in small ruminants that significantly contribute to the national survey. Therefore, there are numerous publications about AHR in small ruminants, especially in goats, and the percentage of the flock follows the same percentage as that found in publications in Brazil for the species (about 90%).
The state of Ceará (CE) stands out for the number of publications on AHR, a fact favored by the presence of researchers in this field and the EMBRAPA Goats and Sheep division in this state. Vieira et al. (1989) evaluated the effectiveness of four benzimidazoles in goats after collecting fecal samples at different times, and noted resistance mainly in H. contortus. In another experiment, Vieira et al. (1992) demonstrated the loss of effectiveness of ivermectin and of a pre-benzimidazole (netobimin) in sheep brought from the south, raising the question of exchanges of parasitic populations among regions. In the late 90s, Vieira & Cavalcante (1999) corroborated the findings published in 1989, including results of resistance to levamisole and oxfendazole in 34 goat herds in CE. Melo et al. (1998) detected resistance to ivermectin and closantel in goats and to oxfendazole and closantel in sheep. Resistance to oxfendazole (MELO et al., 2003 (MELO et al., , 2004 , ivermectin and levamisole (MELO et al., 2004) was found in the region of Jaguaribe in sheep and goats. Completing this survey, resistance to oxfendazole was found in a survey of 25 herds in the state (MELO et al., 2009) .
The state of Rio Grande do Norte (RN) stands out for its production of goat's milk, and was a pioneer in the introduction of government production incentive programs. Effectiveness trials in the state were performed primarily by Pereira et al. (2008) , who tested the effectiveness of ivermectin and albendazole in sheep and goats 7, 14 and 21 days post-treatment, and found resistance to two antiparasitics in both species in all the evaluations. In that study, the prevalence of resistant nematodes involved Haemonchus in sheep and goats, followed by Strongyloides, Trichostrongylus and Oesophagostomum. These two drugs were also tested by Coelho et al. (2010) on thirty goat farms in the municipality of Mossoró, state of Rio Grande do Norte (RN). These authors detected resistance to albendazole in H. contortus in goats on 90% of the farms and to ivermectin on 36.6% of the farms, and resistance to albendazole in Trichostrongylus at 42.8% of the farms, and to ivermectin on 33.3% of the farms.
In the Northeast, moxidectin was tested primarily in goats in the states of Alagoas (AL) (AHID et al., 2007) and Paraíba (PB) (RODRIGUES et al., 2007) , and later in sheep and goats in Pernambuco (PE) (LIMA et al., 2010b) . This antiparasitic presented the highest effectiveness among all the drugs cited so far in the region, although resistance was detected on some farms. Levamisole also presented effectiveness on goat farms in the Sertão region of PB (RODRIGUES et al., 2007) and in Cariri (LIMA et al., 2010a) . After many years of ineffectiveness, Lima et al. (2010b) reported the effectiveness of ivermectin in sheep in PE, in the municipality of Vitória de Santo Antão, but this is the only report of effectiveness of this anthelmintic in sheep in Brazil in the last decade. Despite the large herds in the states of Bahia and Piauí, there are no articles about AHR. 
Southern region
The southern region has the second largest herd of small ruminants in the country, corresponding to 30% of sheep and 4% of goats (IBGE, 2013) . There is a strong presence of wool sheep breeds that are better adapted to the low temperatures prevailing in the region, where the activity focuses on wool and meat production. In subtropical climates, pasture production systems can be used all year round, with tropical and temperate forage species (OLIVEIRA et al., 2005) ; however, from the standpoint of parasites, this increases the risk of infection due to the longer grazing time of the animals. The wool sheep breeds originating from other countries are also more susceptible to endoparasites than the native breed Santa Inês, which predominates in the Northeast. Thus, numerous researches into anthelmintic resistance have been conducted in the region, involving large numbers of drugs and animals, with emphasis on sheep.
Rio Grande do Sul (RS) is the state with the largest sheep herdin the country, with about 4,250,932 heads, i.e., nearly doublethat of Bahia, which ranks second (IBGE, 2013). The state was the first in Brazil to report AHR in small ruminants, involving albendazole (SANTOS & GONÇALVES, 1967) and ivermectin (ECHEVARRIA & TRINDADE, 1989) , both in sheep. The latter drug also showed effectiveness on sheep farms in the 90s, according to Echevarria et al. (1996) and Farias et al. (1997) . Even in combination, AHR in sheep occurred for albendazole and levamisole (ECHEVARRIA et al., 1996) and for ivermectin, levamisole, and albendazole (CEZAR et al., 2010) . In the latter study, H. contortus was found to be resistant to nitroxynil, disophenol and closantel, which are drugs whose spectrum is specific for this nematode (COLES et al., 2006) . The state also pioneered monepantel testing in a research conducted in South American countries by Bustamante et al. (2009) , confirming the effectiveness of this new drug in sheep. Mattos et al. (2000) tested the effectiveness of two doses of levamisole and closantel in goats, and found resistance particularly to the latter drug. Subsequently, Mattos et al. (2004) tested ivermectin in this species and reported only 42% of effectiveness.
In the state of Paraná (PR), which has the seventh largest sheep herd in Brazil (IBGE, 2013) , the production sector is organized in the form of cooperatives, which emphasize the mutton agribusiness in the state (SCHWAB, 2010) . Geographically close to the Central -West and Southeast, PR has a varied climate, with well distributed rainfall throughout the year and hot summers, which favors gastrointestinal nematodiasis. The problem of resistance is so severe in this state that Thomaz-Soccol et al. (1996) tested several drugs (albendazole, closantel, levamisole, febendazole, ivermectin, tetramisole, and disophenol plus tetramisole) in six municipalities, and found that sheep were resistant to all these drugs, although levamisole showed better performance, since it was ineffective only in the municipality of Campo Largo. The aforementioned work represented a pioneering study in Brazil, from the standpoint of anthelmintic combinations and in closantel testing. The latter drug also showed ineffectiveness even when combined to oxfendazole (THOMAZ-SOCCOL et al., 2004) , and in this work the highest effectiveness was obtained for moxidectin, a result similar to that found in Londrina by Cunha et al. (1998) . Recently, the resistance to Monepantel has been reported in sheep in the municipality of Fazenda Rio Grande (CINTRA et al., 2016) .
The state of Santa Catarina (SC), which has the country's 11 th largest sheep flock, is characterized by sheep and goat family farms, although they are organized and invest in technology and genetics, causing the state to stand out in the production of animal derivatives (DIÁRIO CATARINENSE, 2012) . AHR problems were reported in a broad study by Ramos et al. (2002) , who evaluated the activity of ivermectin (0.2 mg/kg), levamisole, closantel and albendazole in 65 sheep flocks in an area of extensive sheep production in the state (Planalto Sul, Planalto Norte, Meio Oeste and Alto Vale do Itajaí). Their study involved the largest number of herds and animals, assessing 7529 sheep, 77% of which were resistant to ivermectin, 65% to albendazole, 13% to closantel and 15% to levamisole. The genus Haemonchus sp. was resistant to the first three drugs, and Trichostrongylus sp. to levamisole. Rosalinski-Moraes et al. (2007) evaluated the situation of AHR on nine sheep farms in the western region of Santa Catarina (SC), and reported resistance to ivermectin, levamisole, moxidectin and albendazole at doses of 5 and 10 mg/kg. Oliveira et al. (2014) tested several drugs in sheep in the municipality of Concordia, and reported that only disophenol was effective.
Southeastern region
The Southeastern region, which has 4% of the country's sheep flock and 2% of its goat herd (IBGE, 2013) , is an important center of meat and milk production technology, and stands out for its consumption and sale of these products (SEBRAE, 2005) . The sheep flocks are directed at products with high added value, and currently stand out in the production of special lamb cuts. Although the region's goat herd is small (207,049 heads), it is a national leader in the industrial production of goat's milk, which is sold mostly in the states of São Paulo, Minas Gerais and Rio de Janeiro. The Southeast has a highly diverse climate, with rainy summers, which favors the development of the gastrointestinal nematode life cycle. Despite its large goat milk production, all the surveys of AHR in the region have involved sheep, which is explained by the fact that goats are raised mostly in confined production systems, thus limiting parasitic infections.
São Paulo (SP) is the state with the largest sheep flock in the region: 415,327 heads (IBGE, 2013) , with a well organized and advanced sheep industry, particularly owing to the complexity of its development, and its important industrial park. This state also has the largest number of publications about AHR in sheep in the region. In the 90s, Amarante et al. (1992) evaluated the performance of oxfendazole, levamisole and ivermectin at nine sheep farms in the municipality of São Manuel and found resistance to these drugs at all of them. Buzzulini et al. (2007) raised the possibility of using associations of anthelmintics, upon ascertaining the effectiveness of the combination of levamisole, ivermectin and albendazole in sheep in the municipality of Jaboticabal. Almeida et al. (2010) , who experimentally infected sheep with 4000 larvae of H. contortus and T. colubriformis, found multiple resistance, and published the first report of resistance of Trichostrongylus to macrocyclic lactones after experimental infection in Brazil. Veríssimo et al. (2012) evaluated 30 sheep farms in the state with respect to five drugs, based on a questionnaire for producers, which revealed multiple resistance resulting from failures in antiparasitic management. Chagas et al. (2013) infected sheep experimentally with a strain of H. contortus from EMBRAPA-Southeast and found multiple resistance, except to trichloform; in their study, the authors raised the question of the cost of maintaining the production of nematode strains in sheep.
Rio de Janeiro (RJ) and Minas Gerais (MG) together have the largest dairy goat industry, and RJ is the country's largest producer of this product in industrialized form, as well as an important pole of lamb and mutton consumption. In MG, Silva et al. (2008) evaluated in dairy goats in the municipality of Viçosa with respect to the effectiveness of the combination of closantel, albendazole and ivermectin, and this combination associated with levamisole, vitamin B1, selenium, and cobalt, and found these combinations highly effective, particularly in the second one. In RJ, two publications about AHR in sheep complement each other. Cruz et al. (2010) found multiple AHR in 10 herds in the North and Northwest regions of RJ, with cases of resistance to the eight tested drugs (Nitroxynil, Doramectin, Levamisole, Ivermectin, Albendazole, Closantel, Moxidectin and Fenbendazole) and failures in antiparasitic management ascertained by questionnaire. .
Central-Western and Northern regions
These two regions encompass the largest agricultural area in the country, containing more than half of the national herd of 209.5 million heads of cattle, according to the Brazilian Institute of Geography and Statistics -IBGE (2013). Among small ruminants, the herds are very small when compared to the vast productive potential, with sheep corresponding to 5% and goats to 1% of the overall national production in the Central-west and to 4% and 2% in the North. Even so, they each exceed the Southeast in herd size, albeit with few studies on AHR in small ruminants. The state of Mato Grosso do Sul (MS) has one article published in the area, and shows a great potential for growth in the sheep industry, especially as it is located close to the large consumer market in the state of São Paulo. In this state, Sczesny-Moraes et al. (2010) evaluated the effectiveness of albendazole, ivermectin, levamisole, trichloform, moxidectin, closantel, and a combination of the first three drugs. On 16 sheep farms. The authors concluded that multiple resistance to anthelmintics is already established in most sheep herds in MS, and that the species Haemonchus contortus and Trichostrongylus colubriformis are the most prevalent and resistant to antiparasitics. Table 1 compiles the data on AHR, assessed by FECRT, in sheep and goats in Brazil. AHR has been evaluated in Brazil for almost 50 years, and the most widely used methodology has been FECRT. However, in recent years, attention has focused on other forms of diagnosis, particularly molecular biology. Sheep is the more commonly studied species because the country's sheep herd is almost twice as large as its goat herd (IBGE, 2013) . The drugs most commonly evaluated in sheep and goats consist of various formulations of benzimidazoles (the first anthelmintics to be studied), levamisole, ivermectin, moxidectin, closantel, and associations of these drugs. A broader range of drugs have been studied for sheep, including, besides the aforementioned ones, disophenol, nitroxynil, trichloform, doramectin and monepantel. These anthelmintics have been used more recently (monepantel and doramectin) or have a low safety margin (disophenol, nitroxynil and trichloform), which limits their study, and they have actually been tested only for cases in which tests with conventional antiparasitics have proved ineffective. Table 2 presents a compilation of surveys on AHR in small ruminants in Brazil over time , listing the drugs that have shown a higher effectiveness ratio than the other studied drugs. Note that, starting in 2007, the number of surveys on AHR in small ruminants increased in Brazil, and the largest number of reports, involving mainly sheep, were published in 2010. In those days, Brazil stood out on the subject in review articles on AHR in America and in Latin America . The largest number of reports about effectiveness tests of anthelmintic associations in small ruminants in Brazil were published between 2007 and 2014 (Table 2) . At the time, given the severe problem of AHR around the world, there was a strong discussion about alternative control measures other than the sole use of allopathy (HOSTE & TORRES-ACOSTA, 2011) or selective forms of treatment ( VAN WYK et al., 2006; MOLENTO et al., 2009; KENYON et al., 2009; MEDEROS et al., 2014b; LEATHWICK & BESIER, 2014) . During the same period, two new formulations were released on the market: monepantel (Zolvix®) and derquantel (Startect®), in response to the global concern about AHR in small ruminants.
Developments in Research and the Effectiveness of Anthelmintics in Small Ruminants in Brazil
The anthelmintics ivermectin, moxidectin, albendazole, levamisole and closantel presented effectiveness in at least one survey involving sheep and goats. Trichloform, nitroxynil, disophenol and monepantel were only effective in sheep, although they have only been studied for this species. The organophosphate trichloform has shown high effectiveness in studies on AHR in Brazil, where it is marketed (Table 2) , probably because it is rarely used due to its high toxicity (ALMEIDA et al., 2010) , and it has not been approved for use in ruminants in many countries (COLES et al., 2006) . Nitroxynil and disophenol, as well as closantel, are drugs with a specific spectrum for H. contortus (COLES et al., 2006) , and are potentially effective only on farms where there is a high prevalence of this parasite. Of these three drugs, closantel has been used for the longest time and there are more reports about AHR, including H. contortus (CEZAR et al., 2010) . Monepantel, which was released recently, has been its effectiveness reported primarily by Bustamante et al. (2009) , in their studies of sheep in Latin American countries. In brazil, althougt was lauched in 2012, the first case of resistance to Monepantel has been reported against T. colubriformis and Oesophagostomum colombianum (CINTRA et al., 2016) .
Benzimidazoles (particularly albendazole) are the oldest class of drugs and have been the most widely studied anthelmintics from the 60s (SANTOS & GONÇALVES, 1967) until now (OLIVEIRA et al., 2014) . Albendazole presented higher effectiveness in goats (VIEIRA et al., 1989) only when compared to the other benzimidazoles or when compared to ivermectin, in a test carried out on sheep and goats by Pereira et al. (2008) ; even so, its effectiveness rate in this review did not exceed 70%. Oxfendazole likewise showed effectiveness only in goats when compared to the other benzimidazoles (VIEIRA et al., 1989) , or was found to be more effective than levamisole on one farm, in a study by Vieira & Cavalcante (1999) . In sheep, oxfendazole was studied separately by Melo et al. (2004 Melo et al. ( , 2009 , showing low effectiveness rates over the years in CE. Generally speaking, the effectiveness of benzimidazoles in small ruminants has gradually declined in Brazil in recent years, which can be explained by the fact that they have been in use for many years and are widely used because of their broad spectrum and low cost. Findings about the low effectiveness of benzimidazoles have been routinely reported in Brazil and around the world since the 60s, when the first report was published.
Among the macrocyclic lactones, the most widely studied is ivermectin, the antiparasitic with endectocide activity most commonly used in Brazil, which is present in more than 65 types of formulations, showing great variability in quality and price and little restriction in sales (MOLENTO, 2004) . As a result of its overuse, its effectiveness has declined over time, especially in sheep, for which reports of its effectiveness date back to the 90s, and the most recent reports of its effectiveness pertained only to the Northeast. Melo et al. (2003) found that ivermectin was effective at seven out of 17 sheep farms in Ceará. In their study, levamisole showed superior performance, and was found to be effective on 10 farms. Nevertheless, theirs is the most comprehensive report about the effectiveness of ivermectin in sheep in the country after the 1990s. After this period, Lima et al. (2010b) reported the effectiveness of ivermectin on only one sheep farm located in Vitória do Santo Antão in the state of PE. The highest effectiveness rates of ivermectin in goats in recent years were also found in the Northeast, in the states of CE and RN, respectively, by Melo et al. (2003) and Coelho et al. (2010) . Brazil's southern region, which pioneered reports on AHR to ivermectin (ECHEVARRIA & TRINDADE, 1989) , showed the highest effectiveness rate of the drug until the late 1990s (AMARANTE et al., 1992; ECHEVARRIA et al., 1996; FARIAS et al., 1997) . Since that period, the low effectiveness of ivermectin in small ruminants has been reported frequently (RAMOS et al., 2002; MATTOS et al., 2004; THOMAZ-SOCCOL et al., 2004; CEZAR et al., 2010; CUNHA et al., 2008; VILA NOVA et al., 2014) , and the same applies to the southeast region (CRUZ et al., 2010; ALMEIDA et al., 2010; VERÍSSIMO et al., 2012; CHAGAS et al., 2013) .
The macrocyclic lactone that has presented the best effectiveness rates in small ruminants in Brazil is moxidectin. As can be seen in Table 2 , this anthelmintic showed the highest effectiveness rate (stand-alone) in five studies involving sheep (CUNHA et al., 1998; THOMAZ-SOCCOL et al., 2004; CEZAR et al., 2010; LIMA et al., 2010b; SCZESNY-MORAES et al., 2010) and in three studies involving goats (AHID et al., 2007; RODRIGUES et al., 2007; LIMA et al., 2010b) . Although its mechanism of action is similar to that of ivermectin, several authors around the world have observed the greater effectiveness of moxidectin in strains resistant to ivermectin (BARNES et al., 2001; VICKERS et al., 2001; LLOBERAS et al., 2013) . Prichard et al. (2012) ascribed the difference in the effectiveness of these two antiparasitics to different interactions in glutamate-gated ion channels where they act, and to different levels of expression of ABC proteins. However, these proteins can cause cross-resistance between the two anthelmintics, owing to an overexpression of P-glycoprotein in response to the ordinary use of ivermectin, which may interfere in the effectiveness of moxidectin (LLOBERAS et al., 2013) . This may explain the low effectiveness of moxidectin found in recent studies in Brazil (BUZZULINI et al., 2007; ROSALINSKI-MORAES et al., 2007; VERÍSSIMO et al., 2012; OLIVEIRA et al., 2014) , where ivermectin is widely used.
In Table 2 , note that the effectiveness rate of moxidectin has declined over the last five years, suggesting it was overused in the preceding period, which has resulted in its current ineffectiveness at many small ruminant farms. Levamisole, albeit a long-standing drug with reports of resistance around the world and in Brazil dating back to the 70s (LE JAMBRE et al., 1976; SANTIAGO et al., 1977) , is reportedly the anthelmintic that has shown the highest effectiveness over the years in Brazil, including in recent surveys. In Brazil, its reported effectiveness rate was higher than that of other drugs tested in eight studies involving sheep (AMARANTE et al., 1992; THOMAZ-SOCCOL et al., 1996; MELO et al., 2003; ROSALINSKI-MORAES et al., 2007; CRUZ et al., 2010; VERÍSSIMO et al., 2012; SPRENGER et al., 2013) and in three studies involving goats (MATTOS et al., 2000; RODRIGUES et al., 2007; LIMA et al., 2010a) . Levamisole has also been reported to be more effective than other antiparasitics in Canada (FALZON et al., 2013) , Denmark (PENA-ESPINOZA et al., 2014) and Australia (LYNDAL-MURPHY et al., 2014) . It is worth noting that levamisole showed a higher effectiveness rate than other anthelmintics, but that it has not been entirely effective (95%) in most studies, and that resistance to this drug has been reported. Nevertheless, its effectiveness has persisted for longer than that of other antiparasitics in Brazil. Levamisole targets cholinergic receptors, acting as an agonist and inducing spastic paralysis of the nematode (LANUSSE, 1996) . Studies involving molecular tests of AHR to levamisole are still quite recent. Martin et al. (2012) discussed the receptors involved in levamisole targets in different nematodes, arguing that cholinergic receptor subtypes vary widely in their range and plasticity. They also stated that resistance associated with the loss of expression or conductance of these receptors in the nematode membranes varies considerably from one parasite species to another and between antiparasitic drugs with similar mechanisms of action. Given such complexity, studies of the mechanisms of resistance to levamisole associated with its history of use are important tools in understanding the maintenance and loss of effectiveness of this anthelmintic.
Conclusions
The large number of studies on AHR in Brazil reflects the concern of the country, which has production potential and seeks to organize the sheep and goat production chain. The vast worldwide literature on AHR in small ruminants contributes to guidelines for controlling the situation. However, this requires an analysis of these studies with factors specific to each case, in order to establish a correlation between the diagnosis and the size of herds, management practices, animal species, parasite species, drugs that are used, and climate. The frequency of use and the maintenance of the effectiveness of anthelmintics over the years are important factors in understanding resistance mechanisms, but are only scantily reported in current studies. It is essential to calculate effectiveness by genus or species of nematode for studies involving combinations of drugs or new antiparasitics. Despite its many limitations, the FECRT is still the most widely used and most feasible test in the country, but should be standardized considering the differences between farms. Considering the high vulnerability of anthelmintics and the scanty prospects for the release of new ones, management practices should not only be evaluated in the diagnosis of AHR but should also be part of parasite control systems. In vitro and molecular effectiveness tests are very promising for the rapid and accurate diagnosis of AHR, but they should be performed with knowledge about the reality in the field to render them feasible for the producer. Molecular studies could be underpinned by analyses of data from field studies, for example, about the maintenance over time of the effectiveness of some antiparasitics such as levamisole in in vivo tests, which suggests that specific studies may contribute to prolong the effectiveness of anthelmintics. 
